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1 Introduction 

While morphological observation of the brain has 
progressed with MRI to the point of viewing 
cerebral change directly in full detail, functional 
observation of brain activity is still indirect and 
imprecise. Aside from classical electro¬ 
encephalography (EEG), the current methods of 
functional observation - single photon emission 
tomography (SPECT), positron emission 
tomography (PET), and functional MRI - detect 
neuronal activity only indirectly, from changes in 
blood flow, metabolism, or synaptic activity. 
Neuronal activity may correlate generally with 
those factors, but some discrepancy is likely. 
Because the brain is a neuronal organ and its 
function is essentially data processing using 
electrical cell excitement, it would be more 
desirable to evaluate cerebral function in terms of 
electrical activity. 

EEG has the advantage of measuring neuronal 
function directly, but the evaluation is limited to 
change in frequency and in electric potential 
relative to a reference point. 

As a means for applying EEG to detect cortical 
response to a stimulus in vivo, evoked potential 
measurement also has some limitations. Aside 
from the fact that the electric current cannot be 
detected outside the brain without an invasive 
method, the value of the amplitude of evoked 
potential is necessarily relative to some reference 
point, while the resistance between electrodes and 
neuronal activity is indeterminable and likely 
inconstant between measurements. Therefore the 
amplitude of evoked potential has a large margin of 
error. It works only partially as a reliable and 
reproducible index of cortical response, although 
the peak latency provides a reliable index of the 
integrity of the neuronal pathway. 

Although magnetoencephalography (MEG) is well 
known to allow precise localization of neuronal 
activity, its potential for determining the absolute 
magnitude of neuronal activity is not widely 


understood [1], MEG measurements have not 
previously been shown to have sufficient accuracy 
to serve as an index of cortical response. Here we 
assess the capacity of MEG to quantitatively detect 
the cortical response to somatosensory stimulus, by 
showing the good reproducibility of moment 
measurement and comparing the moment 
differences of hemispheres with and without 
functional laterality as determined by cerebral 
blood flow (CBF). 

2 Methods 

All MEG measurements were made in a 
magnetically shielded room at Osaka City 
University Hospital using a 160-cha nn el helmet- 
type machine (Yokogawa Electric Corporation, 
Tokyo) with magnetic field resolution of 
4 fT/Hz 1/2 in the white noise region. The sensing 
and reference coils each have a diameter of 
15.5 mm, with a 50 mm base line and 23 mm 
separation between each pair of coils. The use of 
a horizontal dewar allowed the patients to remain 
in a supine position, which is more relaxing for 
the patients and also prevents motion artifacts [2], 
Somatosensory evoked fields (SEFs) were 
obtained by applying electrical stimuli in 
0.1 msec pulses to the median nerve at the wrist 
using a cathode placed proximally. Four hundred 
stimuli were presented at a rate of 2 Hz, with 
responses passing through a 3 to 500 Hz band 
pass filter. The sampling rate was 2000 Hz. The 
first main component of the SEFs, with a latency 
of approximately 20 msec, is referred to as N20m 
and corresponds to N20 of the somatosensory 
evoked potentials [3]. 

All participants were also scanned with an MRI 
system (GE Yokogawa Medical Systems, SIGNA 
Horizon, 1.5 tesla). The MEG coordinates were 
transferred to the MRI coordinate system for 
localization by the use of skin markers and coils. 

To avoid response fluctuations due to 
indeterminate resistance between electrode and 
nerve, we used motor response as the guideline 



for stimulus intensity. We set the applied current 
at more than 1.5 times the threshold of thenar 
muscle twitch (TMT). This stimulus intensity 
has high interexamination reproducibility [4], 
The single equivalent source dipole (SD) was 
estimated using the least squares method with a 
spherically symmetric head model [5], The 
dipole moment near the peak latency of N20m 
was sequentially estimated at intervals of 0.5 
msec, and the maximum dipole moment was then 
chosen. To confirm reproducibility, we 
performed the SEF examination twice for both 
hemispheres. 


Table 1: Summary of control group 


Case 

No. 

Age 

Gender 

Diagnosis 

1 

38 

Male 

Normal volunteer 

2 

75 

Male 

Myasthenia gravis 

3 

50 

Female 

Idiopathic 

thrombocytopenic 

purpura 

4 

80 

Male 

Cerebral infarct 

5 

25 

Female 

Systemic lupus 
erythematosus 

6 

51 

Male 

Dementia 

7 

60 

Male 

Motor neuron disease 

8 

73 

Male 

Thoracic OYF 

9 

36 

Male 

Parkinsonism 

10 

57 

Male 

Spinocerebellar 

degeneration 

11 

64 

Female 

Neurosis 

12 

44 

Male 

Post-anoxic 

encephalopathy 

13 

58 

Male 

Spinocerebellar 

degeneration 

14 

27 

Male 

Carbon monoxide 
poisoning 

15 

30 

Male 

Conversive hystery 


To avoid error due to noise, we excluded cases 
for which the goodness of fit was less than 95%. 
We also excluded cases for which the peak 
latency of N20m for both sides differed by more 
than 0.8 msec, in order to avoid the effect of 
subcortical or peripheral pathology [6], The 
average difference of dipole moment between the 
first and second procedures was 6.7%, and the 
SD was 5.8 (n=162). We excluded the cases for 
which the difference between the first and second 
procedures was greater than 13% (average 
difference + SD) because of poor reproducibility. 
To verify interexamination reproducibility, we 
measured the SEF twice within two weeks for 
five patients who had chronic diseases. 


There is no golden standard for evaluating 
cerebral functional laterality. We used cerebral 
blood flow (CBF) measured by SPECT as the 
index of cerebral function. CBF laterality means 
there are local differences of cerebral blood flow 
between hemispheres. The control group 
consisted of non-neurological patients, and 
neurological patients without CBF laterality. The 
subject group consisted of neurological patients 
with CBF laterality. All participants gave 
informed consent, and the procedures were 
approved by the Ethics Committee of Osaka City 
University Hospital. In accordance with the 
above criteria, we selected 15 controls and 24 
subjects. Tables 1 and 2 present data on the 
participants in the control and subject groups. 


Table 2: Summary of subject group 


Case 

No. 

Age 

Gender 

Diagnosis 

1 

72 

Female 

Feft ICA obstruction 

2 

56 

Female 

Shy-Drager syndrome 

3 

57 

Male 

Tuberculous meningitis 

4 

59 

Male 

HTFV-1 associated 
myelopathy 

5 

72 

Male 

Alzheimer disease 

6 

79 

Female 

Parkinsonism 

7 

71 

Female 

Parkinson disease 

8 

63 

Female 

Herpetic encephalitis 

9 

37 

Male 

Cerebral infarcts 

10 

57 

Male 

Pick disease 

11 

56 

Female 

Alzheimer disease 

12 

70 

Male 

Subcortical 

leukoencephalopathy 

13 

69 

Male 

Amyotrophic lateral 
sclerosis 

14 

57 

Female 

Spinocerebellar 

degeneration 

15 

72 

Male 

Progressive 
supranuclear palsy 

16 

76 

Female 

Alzheimer disease 

17 

64 

Male 

Dementia 

18 

76 

Male 

Progressive 
supranuclear palsy 

19 

84 

Male 

Chronic inflammatory 

demyelinating 

polyradiculoneuropathy 

20 

76 

Male 

Amyotrophic lateral 
sclerosis 

21 

74 

Female 

Motor neuron disease 

22 

39 

Female 

Dermatomyositis 

23 

73 

Female 

Cerebral infarct 

24 

16 

Male 

Cerebral angitis 
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Results 

Table 3 shows the interexamination reproducibility. 
The average difference between the first and second 
examinations is 3.67 % and SD is 4.19. We found 
the moment measurement has good inter¬ 
examination reproducibility. 

Table 3: Interexamination reproducibility, 
exam.: examination 

Diff.: Moment difference between the first and 
second examinations within two weeks 
% of Diff.: Percentage of moment difference 
% of Diff. = 200*Diff,/(First exam. + Second exdM.) 


First exam. 

Second exam. 

Diff. 

%of 

(nAm)" 

(nAm)" 

(nAm) 

Diff. 

28.06 

26.70 

1.36 

4.95 

59.76 

59.26 

0.50 

0.85 

42.92 

41.36 

1.56 

3.70 

38.42 

39.10 

0.69 

1.77 

46.38 

45.90 

0.48 

1.04 

36.14 

36.93 

0.78 

2.15 

46.16 

53.39 

7.23 

14.53 

33.05 

32.47 

0.58 

1.77 

22.38 

22.29 

0.09 

0.40 

47.28 

49.95 

2.68 

5.50 


Mean 

1.59 

3.67 


SD 

2.11 

4.19 


Table 4: Dipole moments of control group 
L-Avg: Moment average of left hemisphere 
R-Avg: Moment average of right hemisphere 
Diff: Moment difference of hemispheres 
% of Diff.: Percentage of moment difference 
= 200*Diff/(L-Avg + R-Avg) 


Case L-Avg R-Avg Diff. % of 
No. (nAm) (nAm) (nAm) Diff. 


1 

26.94 

21.47 

5.47 

22.60 

2 

22.08 

25.51 

3.43 

14.41 

3 

35.11 

35.44 

0.33 

0.94 

4 

69.37 

65.76 

3.61 

5.34 

5 

23.74 

17.90 

5.84 

28.05 

6 

35.27 

34.76 

0.51 

1.46 

7 

32.87 

33.98 

1.12 

3.35 

8 

44.78 

43.43 

1.35 

3.06 

9 

33.96 

37.23 

3.27 

9.19 

10 

47.58 

43.55 

4.03 

8.84 

11 

33.12 

23.52 

9.59 

33.86 

12 

75.59 

79.85 

4.26 

5.48 

13 

57.18 

53.10 

4.08 

7.40 

14 

33.43 

29.85 

3.58 

11.31 

15 

46.74 

42.87 

3.87 

8.64 



Mean 

3.62 

10.93 



SD 

2.34 

9.87 


Tables 4 and 5 show the results for the control and 
subject groups. For the control group, the mean 
value of moment differences between hemispheres 
was 3.62 nAm, and the mean percentage of 
difference was 10.93 %. 

For the subject group, the mean value of moment 
difference was 10.67 nAm, and the mean 
percentage of difference was 26.48 %. The 
differences between the results for the two groups 
are statistically significant (Student t-test, 

p<0.0001). 

Table 5: Dipole moments of subject group 
L-Avg: Moment average of left hemisphere 
R-Avg: Moment average of right hemisphere 
Diff: Moment difference of hemispheres 
% of Diff.: Percentage of moment difference 


= 200 *Diff/(L-A vg + R-Avg) 


Case L-Avg R-Avg 
No. (nAm) (nAm) 

Diff. 

(nAm) 

%of 

Diff. 

1 

41.22 

29.42 

11.80 

33.41 

2 

20.58 

26.07 

5.49 

23.54 

3 

31.43 

44.35 

12.92 

34.10 

4 

41.65 

31.43 

10.22 

27.97 

5 

34.50 

35.60 

1.10 

3.14 

6 

44.14 

63.85 

19.71 

36.50 

7 

55.00 

59.35 

4.36 

7.63 

8 

55.25 

30.30 

24.95 

58.33 

9 

44.39 

50.82 

6.43 

13.51 

10 

27.73 

36.60 

8.87 

27.58 

11 

41.70 

52.28 

10.58 

22.52 

12 

27.86 

23.70 

4.16 

16.14 

13 

48.81 

57.27 

8.46 

15.95 

14 

25.98 

42.97 

16.99 

49.28 

15 

45.63 

36.00 

9.63 

23.59 

16 

60.45 

44.42 

16.03 

30.57 

17 

47.72 

57.04 

9.33 

17.81 

18 

48.84 

33.89 

14.95 

36.14 

19 

74.50 

60.55 

13.95 

20.66 

20 

40.42 

47.51 

7.09 

16.13 

21 

26.20 

34.51 

8.31 

27.38 

22 

33.04 

40.68 

7.64 

20.73 

23 

23.74 

36.23 

12.49 

41.65 

24 

28.89 

39.63 

10.74 

31.35 



Mean 

SD 

10.67 

5.32 

26.48 

12.64 



4 Discussion 

The magnetic field produced by the electric current 
is quantified in accordance with the Biot-Savart 
law: 

B = p 0 (Q • r) / 471 r 3 

where B: Magnetic induction; p 0 : Permeability of 
free space; r: Estimated position vector; Q: Current 
dipole. 

We estimated the location of neuronal activity 
using inverse problem solution. Although it has 
disadvantages for higher brain function over a large 
active area, the commonly used spherical head/ 
single equivalent current dipole model was taken to 
be satisfactory for the N20m of SEF, because 
dipole orientation of N20m is mostly tangential and 
neuronal activity of the primary cortex can be 
posited as a dipole. 

Our use of a new high-performance MEG machine 
with a great many magnetic sensors enabled us to 
detect the dipole location r with high precision, and 
to accurately estimate the moment Q. 

Localization of neuronal activity by MEG is 
clinically useful only in the small number of cases 
for which estimation of location is required. In 
contrast evaluation of cortical activity through the 
dipole moment of MEG holds promise for 
application in a great many neurological cases, as a 
means of monitoring pathological processes and the 
effects of treatment. 

In detecting the amplitude of neuronal response to a 
stimulus during the evoked potential, there is a 
large margin of error due to indeterminable 
resistance between electrodes and neuronal activity. 
The dipole moment evaluation, which is not 
affected by the biological substance between 
sensors and neuronal activity, offers more reliable 
and reproducible measurement. The amplitude of 
the evoked field could be used as an index of 
neuronal activity, but it is also affected by 
inconstant distance between sensors and neuronal 
activity. Magnetic induction is inverse proportion 
to the square of the distance, therefore the 
reproducibility between measurements is poor. 

We found that dipole measurements have good 
reproducibility. The mean error of the first and 
second examinations within two weeks is 3.57 % 
and SD is 4.19 (mean+2SD is about 12 %). And 
there is a greater difference in the cortical responses 
between hemispheres for those with functional 
laterality than for those without it. Although CBF 
laterality per se does not necessarily mean 
functional laterality, there is a strong probability 
that moment laterality expresses the response 


difference between the hemispheres due to 
pathological and/or physiological processes. This 
implies that the change of cortical response due to a 
pathological process or treatment can be measured 
quantitatively using moment. 

In the control group there were three cases (one 
non-neurological and two without CBF-determined 
functional laterality) with moment differences 
between hemispheres in excess of 20 %. These 
may be assumed to be response differences that 
were detectable only through moment 
measurement. 

MEG has so far been used mainly for localizing 
neuronal activity. This aspect of MEG for observing 
the magnitude of neuronal activity should be very 
useful in clinical practice. 

Acknowledgements 

This study was partially funded by the Research for 
the Future Program of the Japan Society for the 
Promotion of Science, under the category of 
"Biomedical observation and control - Inverse 
problem solution and its application to biological 
R&D." 

References 

1. Y. Okada, “Neurogenesis of evoked magnetic 
fields”, in Biomagnetism, New York: Plenum 
Press, 1983, pp. 399-408. 

2. M. Higuchi, M. Shimogawara, Y. Haruta, 

G. Uehara, J. Kawai, H. Ogata, and H. Kado, 
“System integration and trade-offs of SQUID 
system for biomagnetic applications”, Applied 
Superconductivity 5, 441-449, 1998. 

3. J. Tiihonen, R. Hari, and M. Hamalainen, 
“Early deflection of cerebral magnetic 
responses to median nerve stimulation”, 
Clin. Neurophysiol. 74, 290-296, 1989. 

4. T. Tsutada, N. Tsuyuguchi, H. Hattori, 

H. Shimada, M. Shimogawara, T. Kuramoto, 
Y. Haruta, Y. Matsuoka, and A. Hakuba, 
“Determining the appropriate stimulus intensity 
for studying the dipole moment in 
somatosensory evoked fields: a preliminary 
study”, Clin. Neurophysiol. 110, 2127-2130, 
1999. 

5. R. Hari and RJ Ilmoniemi, “Cerebral magnetic 
fields”, CRC Crit. Rev. Biomed. Eng. 14, 93- 
126, 1986. 

6. KH. Chiappa, “Short-latency somatosensory 
evoked potentials: Methodology”, in Evoked 
potentials in clinical medicine, KH. Chiappa, 
Ed. Philadelphia: Lippincott-Raven, 1997, pp. 
283-339. 



